A simplified method for the determination of diffusion coefficients, and the use of the latter in the calculation of molecular radii and weights, have been described by Northrop and Anson (1) . The use of the method has been extended to the study of crystalline pepsin and crystalline trypsin, in an attempt to separate by fractional diffusion (2) molecules responsible for the proteolytic activity from those containing protein nitrogen. The fact that no fractionation could be ascertained by this method, since the diffusion of proteolytic activity and of protein nitrogen ran parallel, was interpreted as evidence that the former is an integral property of the protein molecule. The determination of the diffusion coefficient of crystalline trypsin is here reported in detail.
Assembly of the Apparatua.l--The apparatus was assembled somewhat differently from the description given by Northrop and Anson (1) and is illustrated in Fig. 1 . The outer vessel measured 6 X 20 era. The siphon tube was 2 to 3 mrn~ inside diameter, so that the fixed error due to the fact that free diffusion does not take place into the liquid in the tube was negligible. The outer vessel was held by a large condenser clamp which in turn was mounted on a ring-stand with tripod base, two of whose feet were fitted with thumb screws to facilitate leveling of the apparatus. The outer vessel was partially submerged, as shown, in a large water-bath set up in a room in which the temperature was maintained at 5 ° 4-1°C. During the day when the room was used extensively and the temperature tended to rise, it was necessary to control the temperature of the bath by the addition of ice. Care must be taken that the apparatus is mounted where it will not be subjected to vibrations or sudden jars. To this end, the bath was not stirred mechanically. Also, to avoid disturbances during the withdrawal of samples, a rubber tube of small diameter and about 2 feet long was permanently attached to the siphon tube during an experiment, and the samples were withdrawn by In setting up an experiment with solutious of crystalline trypsin, the diffusion cell was filled through the stop-cock by means of a capillary pipette, since the high viscosity of the solution made filling by suction through the porous membrane very slow. A small amount of mercury was placed in the tube above the stopcock to safeguard against leakage. The desired amount of solvent was placed in the outside vessel (20 cc. was used throughout these experiments), and the cell mounted in posifiou and lowered until the membrane was 1-2 mm. below the surface of the liquid. There is a fixed error here due to the fact that diffusion does not take place into that portion of the liquid which is above the level of the membrane. However, a simple calculation showed that this error could be safely disregarded. The plane of the membrane was made approximately parallel to that of the surface of the solvent by manipulation of the condenser clamp and the final leveling adjustment obtained by means of the thumb screws in the tripod base of the ring-stand.
Equilibration was allowed to proceed for 2 hours to overcome any possible differences in salt concentration between the two solutions, the outer solution being then withdrawn and discarded since it Contained only a small amount of trypsin. The apparatus was rinsed by introducing 20 cc. of solvent, which was likewise drawn off and discarded. A fresh sample of solvent was then introduced and diffusion was allowed to proceed for the desired length of time. The process of rinsing was repeated each time a sample was withdrawn for analysis, all rinsing solutions being discarded.
At the conclusion of an experiment, the cell was washed out thoroughly with distilled water and kept in contact with the same solvent during the interval between determinations, since changes arise in the cell constant if drying occurs.
Calibration of the Apparatus.--Two cells were used in these experiments, both of which had membranes made from Jena glass filter discs. 2 The internal volume was determined by weighing dry and filling with water, very close checks being obtained by this method. The values found were 24.55 cc. for Cell 2 and 5.09 cc. for Cell 4. A cell was used with a small internal volume (Cell 4) relative to the volume of solvent outside, in order that the fraction of the original solution which diffused across the membrane should be as large as possible.
The cell constant, K, was determined with carbon monoxide hemoglobin as the known substance, using the value for the diffusion coefficient, D, reported by Northrop and Anson; namely, 0.0420 cm. 2 per day. Analysis was by measurement of total nitrogen by the micro Kjeldahl method. The results were checked by colorimetric determinations. The values of K were calculated from the extended form of the diffusion equation previously developed (1).
This equation was used throughout these experiments. K for Cell 2 was found to be 0.054 and for Cell 4, 0.0315. The second sample of trypsin was part of a batch fresMy prepared from pancreatic juice and had been subjected to two heat treatments. 4gV Its specific activity was 60 [T.U.],~.N. It was dissolved to about the same concentration as the first sample, using as solvent, however, 0.5 saturated magnesium sulfate brought to pH 3.0 (just red to methyl orange) by the addition of sulfuric acid.
Preparation of Trypsin.--Two
Analysis of Samples.--Protein nitrogen was precipitated from the sample by addition of an equal volume of 20 per cent trichloracetic acid (in two cases 5 per cent acid was used) and heating just to the boiling point. The coagulum was collected on a hard filter paper and washed with 10 per cent trichloracetic acid until the filtrate gave a negative test with Nessler's reagent. The precipitate was then washed into a small Kjeldahl flask and the determination carried out as described by Northrop (3) .
The determination of proteolytic activity was made by the gelatin viscosity method (4). 3 The results of the diffusion measurements are summarized in Table I . DISCUSSION The value of the diffusion coe~cient found in Experiment 2 is apparently somewhat less than that in Experiment I. This discrepancy is attributable to the difference in the viscosity of the solvents used, and disappears when one calculates the molecular radius (including water of hydration) from the equation (I). The relation of this figure to the one determined by osmotic pressure measurements, and to the extent of hydration calculated from viscosity determinations has already been discussed (2 b).
s These measurements were carried out by Mr. Nicholas Wuest and Miss Margaret R. McDonald. Table I shows that the diffusion coefficient of crystalline trypsin was constant, within the experimental error, where (1) two widely different samples of the enzyme were used; (2) two diffusion cells having markedly different characteristics were used; (3) the pH was varied (4.0 in one case, 3.0 in the other) ; (4) the quantities of original solution diffusing were, respectively, 4.6 per cent, 26.0 per cent, 2.1 per cent, and 14.0 per cent; (5) the result was determined by the rate of diffusion of both proteolytic activity and protein nitrogen. In other words, despite these widely varying conditions, no evidence was found that it is possible, by fractional diffusion, to separate crystalline trypsin into a component responsible for the proteolytic activity and one containing the protein nitrogen. This is direct experimental evidence that the enzyme exists as an integral part of, or in chemical combination with, the protein molecule, and not as part of an adsorption complex. It is also of interest that the molecules formed by spontaneous inactivation of the enzyme have the same dimensions as those of active material, since the specific activity of the partially inactivated sample was not changed by diffusion.
Examination of

SUMMARY
The diffusion coefficient of crystalline trypsin in 0.5 saturated magnesium sulfate at 5°C. is 0.020 4-0.001 cm3 per day, corresponding to a molecular radius of 2.6 x 10 -7 cm.
The rate of diffusion of the proteolytic activity is the same as that of the protein nitrogen, indicating that these two properties are held together in chemical combination and not in the form of an adsorption complex.
